iRbo&ora 

JOURNAL OF 

THE NEW ENGLAND BOTANICAL CLUB 


Vol. 64 


January, 1952 


No. 637 


TAXONOMY TODAY AND TO:\IOKKOWi 


10:ed C. Hollins 


Theue has Ix'en a stronji; tendency toward introspection in our 
subject in recent years. More than once our leaders have felt 
impelled to examine the tenets we hold, our methods of inquiry, 
the fabric of the subject matter, and the theories that motivate 
our activities. The relationships of taxonomy to other branches 
of botany have been freijuently reviewed. All this “self¬ 
inquiry” is healthy. It shows a willingness to extend, modify, 
or change ideas in conformity with new facts and logical concep¬ 
tions. However, change for its own sake has no place in this; 
and those who seek to promote change for its novel aspects 
should be promptly opposed. 

The rapid rise of gemd.ics in the past fifty years has been 
variously received by taxonomists. Some have shown consider¬ 
able suspicion of it. Others have gone so far as to give up tax¬ 
onomy entirely to spend their whole time working in genetics. 
Actually, though not generally recognized in so many words, 
genetics has provided taxonomy with a very firm underpinning. 
From genetics has come an explanation for many things previ¬ 
ously well known but unexplained in our field. More than any 
other branch of biology, it has provided a sound philosophical 
basis for our activities. The implications of the simple truism 
that “like begets like” is undoubtedly a very ancient oliservation 
of man. Today we can still say “like begets like” if we add 


“within broad limits” and “undei’ most circumstances. 
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The 


first (lualification permits us to properly interpret “like” to mean 

* Address of the president, American Society of Plant Taxonomists. Delivered 
before the Society in Minneapolis. Septemlier 11, 1951. 
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similar,” not. “idcmtictil. 




Thus \\’(', m()V(‘ iVoni lli(' special 


creationist id(‘a to a modern vi(‘\\j)oint in which vai’iation is 
r(*,cof2;niz(Ml as th(‘ normal outcome ot a |•epl•o(hu^inJi; popnlat.ion 
ol' plants. Th(‘ s(‘cond (|ualiticat.ion pc'rmits us to lak(‘ int.t> ac¬ 
count such plu'nonu'na as intcM’spc'cilic liyhiTlization, alloploidy, 
and a vaiic'ty of sp('cial ^em't.ical and cyt.olofi;ical sit.nations. 
l''urt.h(M inor(\ w(‘ may allow tor tin* accumulation of f;(‘n('-chan^(‘s 
and t.h(' shilt.s in jiiMH'-iiat.tians that iiu'X’it.ahly occui’ in hreedin^’ 
po|)ulal ions, as W(‘ll as tlu' introjir(“ssion of ^(‘ues from one sj)ecies 
into allot her. (i(met ics has supplied t h(' basis foi‘ t.lu'se important, 
(pialilicat.ions. .As a coi'ollary to tlu'si' (‘stahlished principles, it 
is perl(‘ctly (wident. that t.h(‘ variation that do(*s occur, orif^inatiiifi; 
from a ^.ixa'ii ri'pi’oducinji; gcmetic pat.tern, is not. at random, and 
th(*re is, tiuM’efoi'i', a set of limits to this vai’iation as well as a 
|)oint. a,I which sonu^ (‘xprc'.^.si'd jilu'not.ypic patti'iai within these 
limits reach('s its hijihest freipnaicv. 


run ItoUK OF IX'IHIN’SK' l'\A(’TOnS 

It should he st.r(\ssed foi‘ our purposes that. th(' most constant 

and basic charact<*ristics r>f a j>;iv('n plumotyiie ai'c tin* ultimati' 

})roducts of intrinsic fact.ois consisting larg(‘ly of th(' geiK's. 

('onstant and r(‘lat.iv('ly discicti* phenot.yjiic charact.(*rist,ics were 

first used to deliiK'atc tlu* AbuKhdian pi'inciph's of luMaality. 

Similarly, it. is upon these giMudically cont.rolhal plnmotypic 

charact.e.rs that, a sound classification must, lx* built. Hasicallv, 

% ' 

we as taxonomists are int.('r{*sl.('d in tin* phenot.yix* as an (‘xj)r(*s- 
sion of the genotype, not |)rimarily in the g(*nofyp(; per sc as .sonn* 
have claimed. It, ni'i'd not conci'in us so much that tlu^ r(‘lation 
bet,we(‘n gem* action and its ult.imati* plK'iiot.ypic (‘xpicssion is 
exceedingly comph'X. ()ur attc'ution is of lu'cessity focused on 
t he end-prodinhs l•ather l.han upon tlu* way in which gen(*s bring 
t.lie.'^i* into Ixdng. d'axonomic sl.udi(*s are ultimat.<*ly concerned 
with whoI(* individuals, groups of individuals, and finally various 
t.axa. Analy.'^(*s of the multitudinous part.s and organs of an 
indix idual as to origin, slructuix*, and fumdion ari* .svnth(*sizod 
into an understanding ol l.Iu* whoh*. f'urt.h(*r, flu* g(*n(*t,ic history 
ol indix'iduals and tlu* populations to which th(*y b(*long provide 
l.lui basis for consid(*r;d)l(* knowl(*dge of the r{*lal,ionships of living 
taxa. d'hus they may lx* \ iew(*d from t.lu* d(*pth of time. Fi- 
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nally, we must study the present day and past distributional 
patterns of species, for in such studies lie the answers to questions 
as to where they occur on the earth’s crust today and where they 
have occurred in the past. The answers are relevant to an under¬ 
standing of the species themselves. I am not oblivious to the 
fact that certain gene-systems are involved in bringing about 
continuous variation, such as that of size. This type of variation 
is important in the classification of closely related groups and 
may be easily taken into account by methods designed to show 
the total range and greatest frequency of such variation. 

The main points I wish to stress are that the major phenotypic 
characteristics of a living plant are considered to be validated 
expressions of the genotype, and in using them tor ta.xonomic 
purposes, we are on the same ground as the geneticists who use 
them for genetic analyses. We are with good company and the 
ground would seem to be safe enough. But there are some 

pitfalls. 

In emphasizing the genetic aspects of species differences, some 
workers have highlighted reproductive incompatibility, even 
going so far as to make this the sole criterion of species separation. 
The significance of this type of incompatibility in the evolution 
of distinct taxa on specific aiul infraspecific levels is unqiu'stion- 
able in certain groups, but its use as a supercriterion in setting 
species limits is certainly an untenable procedure. Reproductive 
incompatibility is not an all-or-none pi-oposition in most instances 
and it does not arise from a single cause. At one extreme, 
similar types of incompatibility may exist between different 
members of the same population, at the other, between different 
species. Incompatibility is obviously most effective evolu- 
tionallv when it is associated with other isolating mechanisms. 
Such isolation is presumably most frequent at the beginning of 
species differentiation, not an end product of it. The impor¬ 
tance of effective reproduction in breeding populations, which in 
turn make up races and faxa of higher order, is of course fully 
recognized. 

The folly of using reproductive incompatibility as the criterion 
of species distinction has been ably dealt with by dates (1951). 


He points out that to insist on infertility (incompatibility) as 
the sole criterion of species “ignores the aims and methods of 
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taxonoinv' and so(‘ks to make taxonomy suhservicait to a condi¬ 
tion—sterility in genetics, by raising it to the im|)ortance of a 
universal principle.” 

'riie erroneous idea that sj)ecies throughout the plant kingdom 
are essentially ecpiivalents has lead to attempts to discover 
universal criteria for distinguishing them and to construct defini¬ 
tions that will cov(‘r all organisms so grouped. To anyone who 
has worked extensively in taxonomy, it is obvious that species in 
(litTerent large groups are not ecjuivalents. In most instances 
they arc* nowhere near ecjual. For this reason, a single species 
definition would s(‘em to be an imi)ossibility no matter how long 
and inv'olved it was. Hut if the* tei’in spc'cies has a diffei’ent 
connotation in dilbu’ent grouj)s and it is impossible to define for 
universal a|)plication, then of what use* is the word species and 
why do we use it so frecjiiently? These are cpiestions I sliould 
like to leave for the moment, to be taken up further on. 


The Role of Extrinsic Factors 

Our intended r(*liance mainly ujion characters wliose v'ariation 

Stems from the operation ot intrinsic factors makes it necessary 

to distinguish between these* and the characters whose variation 

is the result of change in the environment. Here lies one of the 

crucial pi'obl(*ms in our subj(*ct. For a time, jiarticularly under 

the leadership of Honnier (n)2()) and of (dements (l‘.)29), there 

was a strong environmentalist trend. Environmental factors 

were held to be of very great importance in molding the ultimate 

nature of a population and in many cases to out.weigh intrinsic 

g(*n(*tic factors in maintaining speci(*s diil(*,rences. lOdav' we 

sec^ the expression ot a different form of t his notion in Lvsenkoism. 

% 

How€*v(*r, the cont.entions ot Honnier and of (dements, that one 
si)(*cies can be converted into another merely by transiilanting 
it from lowlands to high mountains, or vice versa, has been full}' 

. iillitint work of (dausen.Keck and 

(1!)4(), H)48), who point to the early work of Kerner (1891), with 
whom they agr(*(*. They have* demonstrated rc'jieatedly and 
conclusiv(*ly that species characteristics, borm* of intrinsic factors 
ar(i ri'lat.iV(*ly stable under radically diftVrent environm(*ntal 
conditions, (dianges that do occur jnirely in response to the 
environment are reversible, giving no indications of j)(*rma- 
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grown. 
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necessary, we ma\ 


They report that “some of these changes in vegetative 
characters are tpiite spectacular, yet they never obscure the 
individuality of the plant, whicli is retained irrespective of the 
conditions of altitude, light, and moisture in which the jdant is 

I am sure you are all iamiliar with these studies and 

the conclusions derived from them. 

Assuming that all of us will not have available the extensive 
garden lacilities that are needetl to determine expei imentally the 
nature ot the variation m given population!^, ^\e aie often le- 

quired to attack our proldcms in a different way. When this is 

fall short of the ideal. However, in all 
^ --- ^ ... 

instances we should carry our studies as far as facilities and ma¬ 
terials will permit. Students, particularly, should be encouraged 
to utilize every means at their disposal to make the results of 
their studies as nearly perfect as possible. 

It has long been known that the overall dimensions of the 
plant-body and its vegetative parts are sensitive to external 
influences. Because of this, we have the axiom in plant taxon- 
Qfi'iy that qualitative differences in the vegetative body aie moie 
significant for classiflcatory purposes than are quantitative dif¬ 
ferences. Furthermore, structures maturing decisively at an 
early stage in the formation of vegetative parts are less subject 
to environmental influences than those with a prolonged forma- 
tiv^e period. For example, most trichomes when jiresent on the 
leaves of Angiosperms, mature and the cells lose their livdng 
contents at a v’ery early stage in leal dev^elopment. I or this 
reason they are far less apt to v'^ary (juantitativ'ely due to ex- 
trinsic factors than the leaves themselves. 

Though dealing with the whole plant, we select for special 
attention features reflecting most accurately its hereditary con¬ 
stitution. The reproductive parts and associated structures are 
in general less sensitive to environmental influences than the 
vegetativ'^e portions of the plant (Anderson, 1929j 1 urrill, 1936). 
Here, relatively large quantitative differences are more likely to 
be significant than in the vegetative structures. But again, 
greatest emphasis for taxonomic purposes is placed upon the 
qualitative aspects of the structures involved. Polyploidy and 
the frequently associated size-effects in many plants are too well 

known to be ignored. 
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I HK I^OLK OF THP: HfUBAHIUM 

\\(* have hoard a j^ood deal in taxonomy rocontly about the 

s. tudy ol dynamic j)o|)ulations, ot natural liyl>ridization, of intro- 
firossion, of fr(>no ocolofry, of apomixis. Those modern asj)oots of 
some of our i)rol)Ioms are popular, and studios involving them 
carry an implication of rh/A/. From them wo stand to Rain a 
moio p(*n('tratinR undorstandinR ol various |)lant Rroups and 

t. lu'ir hioloRioal nature'. Unfortunately, accomi)anyinR incroase'd 
acti\iti<*s aloiiR llu'se' linos one' finds a ti'iidonov to (.le'procato 

spocinu'iis, and lionco the he'i-harium and, for that matte'r, 
(‘lassical taxonomy comes in tor its share' of punishme'iit. I'or a 
mome'nl, 1 should like' to say a little about, the' role of the hor- 
harium in taxonomy. Acl.ually, we' have' in it a unieiuo nu'lhoel 
(.)t elocume'ntation. !^pe'cimons so placed are' re'lativc'Iy pe'rmane'iit 
•ind <11 e' sc'aieu'ly suhje'e't. to manipulation to obscure' the' fae'ts 
tlu'y reve'al. In them, inve'stiRateirs lor e'e'nturie's have' available, 
<a.s ne'arly as erne ceadel Impe' feir, e'xactly the same basic mate'iials.' 

1 he' s|)e'e'ime'ns sheiulel be' leieike'el upe>n as sample's. As such, tlu'y 
may be stuelie'el in a wiele varie'ty e»f ways, ^flu'y are' sample's elf 
the' taxemeimic Rreaips te) which t.lu'y belemR: e»f a particular fhira; 
of a plant assex'iatiem; eif a spe'cific peipulatiein; e)f a particular 
ceimbinatiem eif nmrplmleiRical anel anateemical characters; and 
of tlie pioeluct e)f a particular se't eif ge'iu's. VVlu'ther any set eif 
specimens hilly re'pre.'.^e'nts a give'n taxem eibvieeusly eh'pe'iiels upeui 
tlie circumstance's. It is eloubtful whe'tlu'r any he'rbarium has 
spe'cime'iis slmwiiiR the' ceimple'te variatieins eif nmre' than a fe'W 
spe'cie's. it e\e'n eine. IIe)we\'e'r. eene' geioel specimen is e'eincre'te 
e'\ iele'iH'e' t hat, a partie'ular taxem e'xists eir has e'xiste'el, anel cein- 
siderable informatiem can be eibtaiiu'el frenn it. It is self e'vieh'iit 
that the' amemnt of infe)rmatie)n eibtainable eleie's neit ehmble wlu'n 
a se'cemel spe'cime'ii eif the same' taxon is acepiire'el. ^riie anmunt 
Ireim e'aeh ne'W spe'e'ime'ii eif a repre'.'^e'iitat i\ e se'i ies will neve'r ee|ual 
that e)bt.ama.ble' fremi the first. Feir this re'aseni, t.he e^xte'iit and 
kinel e)l spe'cimen-repre'sentatieen in a particular herbarium will 

elepenel large'ly upein its eibje'ctive's anel fae-ilitie's. Perhaps it 
wemlel lie' ieh'al tei have the total variatiem e)f all taxa re'pre'sented 
by spe'Cime'iis in seime' he'rbarium, but such a geial is impei.s.sibh' eif 
a.chie'veme'nt. Me'rely to eletermiiu' the' total rauRe eif men-plm- 
leiRical variatieen e>f a Ri\en taxein, usitiR all the nutans and moth- 
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ods available, is practically an impossibility, let alone having it 
represented in an herbai’ium. Assuming the latter were possible, 
continuous ev'olutionary changes would often make such a repre¬ 
sentation obsolete. This type of natui'al limitation is not con¬ 
fined to the taxonomic side of things but is equally operative in 
other branches of botany. Tlie problem of adecpiate samples is 
ever present. However, considerable communicable knowledge 
concerning various taxa can l)e assembled and a lot can be rej)re- 
sented by specimens in the herbarium. It is to the po.ssible 
that we direct our attention. 

The system of ari'anging specimens in an herbarium is impres¬ 
sive. The availability of any one of the one million three hun¬ 
dred thousand specimens in the Gray Herl)arium never ceases to 
be a marvel to me. Our specimens are far more accessible than 
the books in a large library. The key to the an-angement is the 
system of nomenclature which of necessity places the specimens 
under species names. Our esteemed friend and former president, 
Dr. C'amp (1951), seems to feel that such a procedure leads many 
taxonomists to regard the specimens so placed as the species. 
Perhaps such a tendency exists, but it is hard to imagine a more 
satisfactory way of doing the job. Personally, I have never met 
a taxonomist who would argue that a species resided in a museum 
case. Representatives or samples of a species, yes, but not the 
species. When I climb to the twelve-thousand-foot level on 
Hoosier Ridge in Colorado and see individuals of a certain mus¬ 
tard growing among the rocks, I may pick up a plant of it and 
remark that it is Draba crassa. But I do not delude myself into 
thinking that that particular plant is the species, for 1 know 
there are thousands of individuals on Hoosier Ridge, not to men¬ 
tion the tens of thousands on the other high peaks of the Colorado 

Rather, the plant I held in my hand was a sample of 
Draba crassa. One might, in like manner, contemplate a par¬ 
ticularly vigorous Jack Pine in northern New England, and 
suddenlv exclaim “Whv this is Pinns Banksiana.” He would 
not thereby declare that particular tree to be the species, for he 
would know there are hundreds of thousands ol living trees ot 
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barium, and both have the natural limitations inherent in the 
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1(‘chni(jiu‘. I doubt whethc'i’ anyoru' is capable of a full coinpre- 
iHiiision of the diversity represented in all the individuals of a 
sinf>;l(> populous species. 

dine Role of Expeuiments- 


is 


d’h(‘re is a popular notion that the real and the only way to ^et 
at th(‘ tru(‘ nature of a given taxon is to go at it experimentally. 
Bring the plants or their ofispring into the experinumtal garden 
wlu'rii tlu'y can be manipulated in accordance with our b(‘st- 
planned experimental i)rocedur(‘s. The results, when properly 
(uxlified, tell us consideral)le, but lor taxonomic purpose's it 
often in the nature of additive information to that obtained in 
other ways, and rarc'ly r(‘])lac('s or negates it. Personallv, I 
believe the more ('xi)erimentation designed to reveal the nature 
ol si)ecies and otlu'r taxa the lietter, but exjK'riim'iital taxonomy 
is not tlu* whole answc'r to the probh'ins in our subject. l‘]xp('iM- 
mentation is Ix'.set with limitations, as are all methods of inve.sti- 
gation, and this we must recognize. In the first place, ('xperi- 
ment.s must Ix' carried out by using samples and they are. there- 
iore, subj('ct t,o tlu' natural limitations of sampling t('chni(iu('s. 
Sc'condly, it is next to impossible to samph* most taxa adecpiately. 
In my own ('xperic'iice, lorty acres of exjx'rinu'iital |)lantings wei'e 
wholly inade(iuat(‘ to pi’ovide a proper ovc'i’all sample of Par- 
thennoa, argealatuni, a. spi'cii's conijiarat i\('ly restricted in its 

geographic range. I low many ot us ha\ e forty acres available 
foi’ ('xpi'rnu'utal purpos('s? 

It seems almost redundant to say that critical ob.servation and 
study in the herbarium alone, in the fi('ld alom', in tlu* exj)eri- 
mental ])lot.s aloru', or in tlu* laboratory aloiu', an' insuthci('nt for 
the n'alization of the primary objective's of taxonomy. A eom- 
l)in('d attack, using to the fullest tlu' technieiues of all these, will 
scarce'ly be suflicient to compU'te the job, but. we should g('t 
clo.ser to our goal using all of them than we would bv usinir but 
one. li, in addition, we borrow as much information from otlx'i' 

' as is pertim'iit. and possible', we should pre)c.e'e'el 

a .ste'p flirt her towarel our ultimate' goal, 'riius vie'wed, taxonomv 

' % 

be'conie's an int.e'grative anel synthesizing subject, in a way rising 
on the shouldi't’s ol its siste'r dise'ipliiu's. 


* It is not Illy purpose to (It*v(*lop this subject in the manner that niiglit be inif)litHl 
from tiu' present lu'ading for, to do so, would occup.\' my luitire time. 
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One of the stumbling blocks ujion which the introspective 
wanderer inevitably liarks his shins is the precise definition of 
terms. Whether we like it or not, the pi'ccise meanings of many 
scientific terms begins to lie altered immediately after they have 
been proposetl. After a few generations have been at work, 
their meaning has often been altered completely. As ideas and 
ways of looking at subject matter change, the meanings of appli¬ 
cable words are shaded to accommodate the new view. Shifts 
in meaning are irsually so gradual and so closely tied in with the 
current of contemporary communication, that they frequently 
go unrecognized until considerable difference from the original 
has develojjed. The words we have the most trouble with are 
those closely associated with changing concepts. For example, 
to the pie-evolutionists the term species was definite enough. 
The immutability of its meaning was immediately upset by the 
concepts of evolution and its preciseness was further devalued 
by the impact of genetics. Now we are told that no one knows 
what a species is, and that perhaps there isn’t any such thing 
anyway. Yet anyone who has tlealt with whole organisms, 
whether plant or animal, complex or simple, is fully aware of 
certain patterns of populations that are reproduced with fidelitj’’ 
over great periods of time. He knows with certainty that at a 
given time level, the members of neither the plant nor the animal 
kingdom represent a continuum, no matter what the vantage 
point from which they may be viewed. Given the facts that 
organismal diversity exists and that it does not exist in a con¬ 
tinuum, the taxonomist’s job is to assemlile and systematize a 
body of communicable knowledge about the different kinds ol 
the earth’s plants, both of the present and of the iiast, that will 
reveal their true nature. In this, the problem of sjiecies remains 
a major one in spite of all that has been said or written upon it. 
I dare not venture a guess as to the number of times the species 
problem has been discu.ssed. Certainly it is a perennial of many 
years standing and it appears to grow more lustily as the years 
go by. It seems generally agreed among most discussants and 
writers that a universally applicable species definition is a must 
and that without it taxonomy lacks the dignity of a science. 
Some have viewed the problem of defining the term species as a 
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lutilc oMO, otluM's liltotl the jirohUMii to ii light vein by suggesting 
that si)ecies are c<)ini)Ietely subjective and are what a good 
taxonomist says they are. In taxonomic literature, we even see 
descriptions of new concepts instead of new species. 

Since species is one of the key words in our subject, we sluill 
continue to be badgered l)y (piestions for an explanation of it. 


Th(u*e has olten been a certain amount of irrationality in the way 
of coming to complete grips with the problem. We have sought 
to satisfy the philosoplu'r-logician t.ype of iiupiiry by trying to 
provide a definition of the term. Naturally, others would like 
to know what we mean when we speak of a species, whet her it be 
of an alga, a conifer, or a mint, lint 1 think none of us have 
really believed that the curious could find out on his own what, a 
species was in any one of thes(‘ groups by using our numerous and 
varied definitions. Kvam tlu‘ incompat bility test, w 
haps came as close to being practical as any, brought forth only 
negative evidemee in many instances. If two particular plants 
of presumably ditt(*rent species would not cross and j)r<^duce 
fertile otVspring, one could never be sure that two other plants 
reprc'senting diflerent st.rains ot the same two j)resumed species 
would behav{‘ similarly. In specific groups where authorities 
supposedly held the secret as to what the species were, there 
were always intangil)les and indefinable somethings that aided 
in species determination. I do not minimize the necessity of 
knowing a group nor of diligent attention to every possible 
detail, d'he point is, the spc'cies definitions we ha\e concocted 
are not practical. I happen not to agree with most of the at¬ 
tempted dispositions ot the probhun of determining what species 
ai’(‘, and, toi' this I'eason, feel somewhat justified in speaking 

about it. ('(u-tainly the prof)lem is very much with us and still 
needs attention. 

In the first places, I should like to state my un(|ualilied belief 
thjit th('r(' are species in natui'e cpiite apart fi’om man’s contem- 
j)lation of them. It is not necessary to call them spc'cies, but 
tluM’e ar(* groups of clos(*ly int(M’related organisms that reproduce 
themselves wit.h a surprising fidelity over long periods of time— 
and I am tliinking now in t(U’ms of millions of years. These 
speci(‘s are not ec|uival(*nts in different, large plant groups and, 
considering the tr(Mnendous diversity in the plant kingdom as a 
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whole, it would be sui’piising if they were. The species in rela- 
tiyely unrelated groups do not have the same attributes, they 
did not arise in the same way, and they most pi'obal)ly haye been 
subjected to a wholly different combination of ('nvironmental 
influences during their j^hylogenetic life. Why, then, should we 
be surprised that a uniyersal sj)ecies definition for them seems 
im})Ossible? I do not agree with the notion that because we do 
not haye a satisfactory man-made species definition, the whole 
fabric of taxonomy comes clashing down around our ears. The 
species are not man-made. The difficulty arises from trying to 
pour into a single kind of mold the thousands of almost totally 
different kinds of plants all will agree are represented in the plant 
kingdom. The problem is one of interpretation. But why try 
to i)roduce a uniyersal definition? Why not let the species 
themselves tell the story? In order to elucidate this latter 
(jiiestion I must start with some basic facts. 

(ienetics has proyided us with a yalid principle upon which to 
build. This may be stated as follows. The closer the genetic 
relationship of indiyiduals or groups of individuals, the greater 
the number of genes they have in common, ('onversely, the 
more distantly related the fewer common genes. Remembering 
the specificity of gene-action, it is obvous that similar or identical 
genes and gene systems produce similar end products. Thus we 
are justified in using the phenotype as an indicator of relationship. 
If, as we must assume, similar genes provoke similar organiza¬ 
tional patterns, then it follows that genetic variation is controlled 
in a like manner. Indeed, this has been shown many times. 
Here is the crucial point, providing the basis for taxonomic use 
of the organizational pattern of an individual as well as the varia¬ 
tion of such a pattern that may be found among all the individuals 
making up a species. It is in the area of variation that we have 
learned most in recent years. From the main principle springs 
the logical basis for the comparative method. 

How distant may the relationship be of two groups of plants 
and there still remain common gene lineages that will operate to 
produce detectable specific similarities in the phenotype? This 
we do not know, and there is no organized information on the 
point. However, parallel variations and changes have been 
repeatedly observed in species known to be related. It is no 
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st.r(‘l.cli at' all l.o suppose' that the specie's e)t any ^i\'(*n ^e'lius, e)i‘ at. 
le'.i ^t suhfienus, ha.\ e nuiiiei’eeus ee)inine)u gene's anel, thereteere', we 
can eixpect similar characteristics, similar pat.te'rns e)f variatiem. 
similar me)eles ol jicnetic chan{ 2 :e and e\en similar re\s|)e)nses te) 
ext.e'rnal lact.en’s. 1 hat. such is act.ually the' case'm many ^'e'liera 
can reaelily he sheiwn. Similaritie's eit this seirt permit us tei 
extrapeilate Ireim eme spe'cies tei re'lateal specie ^ • Hetween ce'rtain 

^ ^ te el f 2 ;on(M’a tluM’o must also ho a c()mmuiiit\" of JKaios 

anel gene patterns, ddie specie's meist eliflicult to distinguish, 
using all type's eif criteria, are* the meist cleisely relate'el. The'se* 
have hee'ii the seiurce eif gre'atest euinsternatiem because eif the 
elifliculty of kneiwing where tei elraw the line between such spe'cics 
anel infraspe^cilic taxa. “Wlu're eleie's the' specie's steip anel the* sub- 
spe'cie's eir variety be'gin?” is the eiue'stiem fre'eiuently aske'el. 1 low 
many elifferent gene's must twei peipulatiems eif plants peisse'ss 

, are spe'cie's? I low many similar genes may t hey 
peisse'ss anel re'main ein t.lu' spc'cie's le*\'e'l? riu'sci are* pertine'nt 
epH'stions, but the\v canneit be answered fe)r the vast majority e)f 
case's in which the'y may be aske'el. Our |)rescnt kneiwk'dge of 
meist. plants is much toe) fragmentary te) pre)viele* exact answers. 
But. il we sluAulel ask how many anel what type eif elillerent 
phe*ne)t.ypic e'xpre.ssieins e)i ge'nes are re'eiuirc'el bede)re a gre)up e>f 
like plants are* a specie's, e)r e)nly |)art e)f a spe'cies, there is a way 
of pre)vieling the answer. 'Fliis way is base'el upe)n the expecteel 
similai’itie's e)l relate'el specie's as mentieine'el previe)usly anel the 
use e)l cemiparati\e.‘ pi'eie'.e'elure's. 


d'nE Species-standard Method 

l'e)r the pre'sent., let us leicus e)ur attention upon the so calleei 

elillie'ult. ge'nus Ar<ihis e)f the Crucife'i’ae'. It is ne)t an e'xtremelv 

% 

large ge'iius, ha\ ing re)ughly (>5 species in Noi'tli .America anel a 
lew le'ss in the re'st. e)f the we)rld. Nor is it small as genera of 
.\ngie)sperms ge). \\ ithin it are ce)mple'xes e)f species elifficult te) 
intea'pre't. anel sepaiate*. Peilypleeiely is pre'.se'nt anel inte'rspe'cific 
hybrielizatie)!! e)ccui's. At le'ast e)ne species is ape)mictic (BTcher, 
1951), anel the- re'st. have not be'en stuelieel from this pe)int. e)f view. 
But. tlu'i’e* are* also pe'i'le'ctly elist.inct., we'll-characterize'el spe'cies 
in t he genus. t.e)e). ()fte*n they have* elistinctive* ge'e)graphic ranges. 

1 lu'se* elistinct spe*cie's are e)bviously se), te) any eliscerning taxon- 
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omist, and one could obtain complete agreement among botanists 
willing to study them more than superficially. When I worked 
on Arabis as it occurs in western Nort h America some years ago 
(Hollins, 1941), I studied these well-defineil species in as much 
detail as possible at that time. They provided the basis for 
intei’preting the more difficult series. They were biological 
standards of comparison, so to s])eak, that revealed in themselves 
what a species is in Ai'ahis. 4'here was no need foi- arbitrary 
species criteria nor man-made definitions. To have used them 
would have olxscured the facts as revealed bv these clearlv defined 
species. In this study, the species used as standards were A rabis 
blepharophylla, A. cobrensis, A. CrandaUii, A. cruciseiosa, A. 
Cusickii, A. dispar, A. fnrcala, A. glaucovalmda, A. Koehhri, A. 
Parishii, A. perennans, A. plaiyspcrma, A. rcctissima, A. Schock- 
leyi and A. sujfrutescens. Among them are representatives of all 
four gi’oups or series of species of Arabis occuri'ing in the area. 
Some of the species are widespread, others are restricted geo¬ 
graphically. Some showed less variation than others. In all 
cases the patterns of variation were of the same general type. 
Similarly, the same pattern of definitive characteristics ran 
through the entire group. Wliile the si)ecie.'^-standards, individu¬ 
ally and collectively, were the real key to species inter|)retation in 
the whole genus, certain working hypotheses as to the value of 
particular characteristics emerged from a study of them. For 
example, the jiresence or absence of trichomes on the leaves and 
stems of Arabis was found to be an uni’eliable criterion of species 
difference. On the other hand, qualitative differences in the 
trichomes proved to be of considerable value. 

The method used to detei’inine “what is a species?” in Arabis 
is one partially used by many monographers, though in most 
instances it is not done in an organized way. It is my conviction 
that an extension of the method is highly desirable and would go 
a long way toward solving the j^ractical aspects of the “species 


prol)lem.” The use of biological standards of comparison is an 
acceptetl ])rocedure in other branches of botany. The Avena 
coleoptile test, the Stapholococcus aureus test for penicillin con¬ 
centration, and the growth-rate test of chemical concentration in 
Neurospora, to mention only a few, all depend upon a completely 
biological standard. Many biological stains and reagents are 
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staiularclizcd hy puroly biological tests. In nutnerous instances, 

whole orj 2 :anisnis are involved whose coinj)Icte development is no 

more cont.rolled nor in fact known than are the wild plants with 

which we work. The use of livinfj; and dead |)Iant samples in 

formulatinf^ specie.s-standards and the ii.se of the.se in determining; 

the species of a given group, is va.stly moie complicated than the 

tests mentioned al)ov(*. Hut tlie method is sufficiently extensible 
to meet, our recpiirements. 

What are the pos.sil)ilitie.s and ramifications of the .sj)eci('.s- 

st.andard met.hod.^ Perhap.s thi.s can best lx* shown hy a.s.suming 

that, we are .s(*tting about to determine “what is a .sj)ecies?“ in a. 

hy|)othetical genus. First we study our materials sufiicientiv to 

% 

be abh* to .select for intensive investigations tho.se species that are 
r('adily discernibh*. 1 hese materials may l)e specimens in the 
h(*i’bai’ium, j)o|)ulation.s of j)laiit.s in the field, or plot.s of th<*m in 

the experimental garden. In a well-k(*pt herharium having a 
r(‘asonabl(* rei)re.sent.ation of tin* genus, this step will have been 
largely done. In many herbaria, the specimens will reflect tlu* 
cumulative wisdom of a numlx'r of workers who have studied 
them. Study of the geograplucal ranges of di.stril)ution often 
aiils matei'ially in this fii’sl stage. I anticipate t.hat someom* will 
say at t his j)oint t hat there are some genera in which th(*re are no 
clear-cut, easily recognized species. Personally, I do not know 
of a single genus in which such species may not be fouml. ( 'er- 
tainly the notoriously “difficult” genera Poa, Salix, IPibus, 
('nitdcgus, and Hieraciuin have rc'adily distinguishabh* species 
that might lx* utilized for our purposes. Naturally, it is nece.s- 
sary to (*xerci.se some judgement in the .sc'lection of the.se species 
and th(* c,omi)etence of botanists will \ary in this i-(*gaixl. Hut 
the critical aspects of the .seh'ction arc* so unr(*fined as to be within 
the scope of all who are t raim'd, Furth(*rmore, botanists (Xitside 

ol taxonomy with any accpiaintanee with its aims and metluxls 
will find the selectioii easv to follow. 




tlu 


ddu* .second st.(*p in our imiuiry involves the detailed studv of 

% 



species. Ideallv, this should extend all t.lu 


wav 


from a cai’etul analysi.s ol tlu* chai’actei’istic.s of a. repr(*sent.ati\'e 
series of sp{*cinu*ns to transplant work in the experimental 
gard('n. Data coiux'ining the rang(* of variation of the species 
in the field and iinder tuani|)ulated or select(*d environmental 
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conditions should be gathered and processed. The morphology, 
anatomy, and cytology should be woi’ked out with a view toward 
deriving useal)le information for taxonomic purposes. The re¬ 
productive cycle and mode of pollination should be studied. In 
short, these selected species should be subjected to the most 


thorough-going stud>' 



That is the ideal. Actually, 


1 ’ 



most taxonomic studies will fall short of this ideal, except in a 
limited number of cases. But until such studies arc made 
throughout the plant kingdom, our work is not finished. From 
this point of view, it is evident that we have scarcely started on 
the job ahead. The successful ai)plication of the method is not 
dependent upon any particular level of refinement or thorough¬ 
ness of study of either the species-standards or the other species 
of a genus under consideration. The most accurate and reliable 

s will come from complete studies using wholly adetiuate 
materials. Where only the minimum of specimens is available 
and there is no opportunity to carry out experimental oi' field 
studies, the method can still be used with considerable probability 
of arriving at the proper species designations. 

The method I have briefly outlined to determine “what is a 
species?” has several aspects that tend to clear the path ot the 
logical impasse often cited in considering the species question. 

(1) It is free from arbitrarily selected criteria. Undei' this 
scheme, incompatibility or any other characteristic may be sig¬ 
nificant or insignificant, depefiding upon the group involved. 

(2) A universal definition is not required. The species are prol)- 

ably of a different sort in every major groiq). By recognizing 
this, we recognize the very great organic diversity existing in 
nature. Furthermore, we recognize the numerous ways in which 
species arise and the variety of circumstances under which they 
survive. (3) Species so defined are not a subjective ci'eation 
nor a mere concept of man. However, a high percentage of 
agreement of interpretation should be possible. It should be 
clear that the species exist, independent of man’s ability to define 
them or to perceive their presence. The fact that many species 
have reproduced themselv'es with fidelity for millions of years is 
ample proof of this (Stebbins, 1950). (4) The method is logical 

and largely objective, depending not on judgement alone but 
utilizing the best procedures in scientific research. Naturally, 
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SOUK' is r(‘(iuii(Ml. No inattoi' wlial is otlcai claimed, 

thei'(' is a c(M’taiii amount of subject ivity in all kinds of scientilic 
in<iuiry. 11 t his \v('i‘(‘ not the cas(', lUMtlu'r ours nor otlu'r scii'uces 
would ha\(' anv i(*al nu'animi; to man. (5) d'lu' method is e.\- 
trcmu'ly fh'.xibh'. providing; tlu' |)rocedur(' lor d(‘t('rmii!in^ tlu' 
sp('ci('s in all ^'roups, in such a way that, it can Ix' followcxi by 
anyone with suflicient training and interest. (6) It ixnanits the 
asscMubly of an almost unlimited body of knowledge about. 
dc*t(Maninabl(‘ and redeterminable kinds of plants. This knowl- 
erlg(* thus Ix'comes communicable and the l)asis for its organiza¬ 
tion on a large scale is ))rovided. This 1 consirh'r to b(‘ om* of 
tlu‘ major aims of taxonomy. 


How critical is the s|)ecies-st.; 



m(*th(xl? Simply an- 


sw(‘red, one might say that the method is as critical as the time 
and energy of the botanist making t.he st.udy will permit. Tin* 
implication is that, thei’e are unlimited i)ossibilities for the study 
of t.he speci('s providing the standai’ds of comparison within a 
gi\(‘n genus. This is etiually t.i’ue of tin* more difhcult. species 
that ar(' dep(‘ndent u|)on tlu' u.se of tlu'se standards for their 
(h‘t.('ct i(ni. riie accuracy of the comi)arative proc(xlures used for 
th(‘ latter purpose! is dejamdent u|)on tlie |)r(‘cision and (vxtent of 
tlu' vaiious comparisons made, ('(‘rtainly, accuracy cannot be 
achieved without great care, ('omplexit.y st.ems from the com¬ 
plex nature' e>f the* oiganism it.self anel perhaps can neve'r be 

in ta.xoimmv. .Vs stat.txl before, we eleal in wheele' 


avo 


ieh'el 


organisms, but t he stuelies e'mpheye'el orelinarily inveelve analytical 
pi’oceelures in which any part of the* |)lant may be; the subject e)f 
attack. Such analv.se's mav range fixem stmlies eef chi'eemeesome 
behavior tee the greess meerpheelogy e»f the fhewe'ix In the enel, the 
re'sults e)f analvtical studies are svnthe*sizeel intee a btxlv eef knowl¬ 


edge that feerms t he' basis foi‘ making appreepriate ceempai’isejns. 

.\s a genei’al obsei'\ation. it seems tee me that taxenieemy fails 
te> appeal tee some' scientists because' it does cemcern itself pri¬ 
marily with whole organisms, whie'.h are ley theii’ ve'iy nature 
exce'eelingly e'omplex. ('he'inist.ry, Physics, anel .Vstroneemy have 
influenced all eef science in the elirection eef de'siring a eeiie tee erne 
1 ‘elationship between cause anel effect. The nicety eef mathe¬ 
matical precision has been a ceenst.ant geeal in the reeluctiem eef 
observation anel experiment. More recently, these sciences have 
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dealt with yariable systems and the very complex relationships 
of yarioiis phenomena haye been widely recognized. In si)ite of 
this reyersal, the trend in many branches of biolog^y has continued 
in the old path. On the whole, the struggle of biologists to 
simplify the interpretations of phenomena of living organisms 
has not met with spectacular results, but the tlirectional emphasi! 
has remained. As taxonomists, we find ourselves well outside 
the main stream ot this activity because ol the nature ot our 
subject. Simplification cannot logically be carried below the 
comple.xity inherent in the living individual and the population 
of which it is a part. I do not say that analytical methods ot all 
sorts may not l)e used to delve below this level, for it is extremely 
important that we utilize them to the utmost, but th(‘ information 
thus obtained, to be relevant, must l)e applicable to the plants 
as a whole. We are thus dependent upon intcu'ination obtained 
largely by analytical methods but in its ultimate, usable form, 
it has to be synthesized into a whole. AVe are dealing largely 
with variables and the complexity of the ultimate systems I’ej)- 
presented by the living individual, the i)opulation, anti the taxon 
considered in time is so much greiiter than known ])hysical sys¬ 
tems that there is no real basis lor comparisons between them. 

What would be the consequenct's of the widespread use ot tlie 
method I have outlined? If the taxonomists who luu e described 
hundreds of apomicts in Ilieracium had used it, certainly they 
could not logically have named them as species. It would have 
been absurd for mo to have named as species fifty to a hundred 
apomicts in Fartheniuiii, and I am convinced that the wliolesale 
naming of apomicts as species, wherever they are found, is equally 
absurd. Babcock and 8t(‘bbins (1938) using the sexual species 
of Crep'is as reference points for the organization of the apomicts 
in that genus, were certainly on the right track. I believe that 
the method would even permit agreement as to the numbers of 
species of Riibus or Crataegus in eastern North America. Perhaps 
I am unduly optimistic here, but I shovdd like to .'^ee it given a 

trial. 

Using the species-standard method, it would be impossible to 
recognize socalled cryptic species which show no morphological 
singularity even though they were incompatible with morpho¬ 
logically similar plants. But I do not believe these are, in reality. 
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s|)(H*i(‘s. DilY(‘roiK*o in chroinosoino number alone would scarcely 
be sullicic'ut. to S('( two species apart unh'ss that w(M‘e the rule 
throughout tlu' genius. It. would not lu'lp part.icula.rly in dealing 
taxonoiuieailly witli spc'cie's-hybrids and cases of introgression. 
llow(‘\('r, many instances otluMavise not (‘asily se'en iniirlit. be 
<letect('d. It is imi)ossibl(‘ to lore'see tlu' total raniifications of 
t.he wide adoption ol such a procedui’i'. It does throw emphasis 
t.oward the monographic t.ypi' of study rather t.han the floristic, 
for (h'ti'rmining what the' spennes ai’e to begin with. 



a 

proc(‘dtire has long bi'cn r('Cogniz(‘d as desirable, d'he taxono¬ 
mist, working with a particular flora without adequate reference' 
to meinographic sluelie's, is indeeel handicapjieel in arriving at 
natural specilic boundaries. The elanger eif mi.sinte*ri)ret.ations, 
wIh'U a single* sjje'cies or only a few sjiecies eif a genus are* studieel 
inde'peneh'Ut.ly, should be* imnu'eliately apiiaient. 

The twe) nove'l asjiects of the projieised method are (1) the 
complete* abandeinme'ut eif any att.e*mpt.(*d species eledinit.iein that 
weiuld be* eif unive*r.sal application, (2) the elefinition eif specie's at 
a relative'ly low hie*rarchial leve*l in t he* plant kingdeim, i. e*., preib- 
ably most frequently within the ge*nus. Thus a paradejx eif long¬ 
standing weiuld be* re*sol\'e*el. d'lu'.se ai’e* fairly raelical (h'viatieins 
fretm the* meist. common present elay ide*as, so that eine may ask 
how tlu'se change's would aftect. traditional taxoneiiny as well as 



in generic revisions shotilel result. 


t.he ne'we*r ajiproache's to t.he subject. 

In the* practice* eif t.raditieinal taxeineimy tlux'^e change's shoulel 
re'sult. in ceinsielei'alile impreive'ment. Definite reference points 
within genera coulel be set up that, wenilel have real meaning to a 
wiele*r aueliene'e* eif beitanists. Greater agrc*ement in interpreting 
elifficult. geneira shoulel be achieveiel anel a, meire systematic ele- 
terminatiein of the 

Xomenclature* deie*s neit. enter, except as new interjiretatieins call 
feir neimenclatural aeljustments. Insofar as the newer aiijiroaches 
to taxoneimy are* ceince*rne*el, such as theise eleveloping in cyteige- 
netie's, experimental taxeineimy. anel the like, these weiulel lie as 
relevant as liefeire anel perhaps more so, for the* infeirmatiein 
eihtaineel could be breiught meire directly tei bear on t he practical 
problem eif species interpretation. Thus, an integration of the 
eilel and the new in taxeinomy might be envisaged for the ultimate 
benefit of us all. 


Gray Herbarium, Harvard University 
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THE GENUS TOVARA (POLYGONACEAE) 

Hui-Lin Li* 

The broad concept of the genus Polygonutn has been subject to 
repeated splitting in the past. In most cases, these segregates, 
maintained by certain authors but generally not accepted by 
most other taxonomists, have often been based on vegetative 
characters which are found to vary greatly in t his gi oup ol plants. 
Tovara, however, is very distinct in having constant differences 
in the inflorescence and floral parts, ('urrently it is recognized 
by most authors as a generic entity distinct from Polygonum. 
The differences are as follows: In Polygonum, the calyx is 4—6-, 
mostly 5-parted, enlarging in fruit, and the segments are often 
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